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Abstract  
 
Surface modification of polymers can lead to changes of properties such as surface wettability, 
adhesion, bioactivity and biocompatibility. Here, a long chain, low surface energy monomer, 
docecyl methacrylate (DMA), which is difficult to graft by chemical mean was grafted onto three 
different types of ‘Engages’ (a polyolefin elastomer, POE) in ethanol/water medium by gamma 
radiation. Total dose and DMA concentration were optimized for the desired amount of low 
degree grafting (less than 15wt%). The surface wetting properties towards water were decreased 
for all Engage surfaces after grafting. Mechanical properties of the base polymers remained 
almost unchanged after grafting.  
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1. Introduction 
Polyolefin elastomer (POE) represents one of the fastest growing synthetic polymers with rapidly growing 
research and industrial impact. ‘Engage’ is an attractive group of POEs, developed by DuPont Dow 
Elastomers. Because of some properties like good molecular weight distribution, uniform co-monomer 
composition and excellent processing, better control over polymer structure, Engage is widely used in 
various fields, such as automobile industry, footwear, seat cushions, air bag cover, sealing industry and wire 
and cable industry[1-6]. Applications of these polyolefins are found in bumper fascias, instrument panel, 
door panels, cargo liners for vehicles, exterior and interior of cars [7-9]. Recently, we have reported the 
Engage as a good compatibilizer for polymer-polymer blends [10]. To expand its application more surface 
modification techniques are useful for achieving desired properties of materials such as surface morphology, 
wetting properties, adhesion, bioactivity, conductivity and biocompatibility depending on the grafted 
molecules. To change the polymer surface properties, attachment of functional group (grafting) onto 
polymer is a widely used means [11,12].
 
  
 In our previous work, we have modified various Engage surfaces by gamma radiation assisted 
grafting of a polar monomer, methacrylic acid [13]. Similarly, surfaces of Engages can be modified by 
grafting a suitable low surface energy long chain hydrocarbon molecule. Though grafting of new functional 
groups on a polymer alters polymer’s properties [14], but attaching a functional group on a polymer is 
always challenging. Specially, long chain hydrocarbon is difficult to graft with control on surface by 
conventional means. Even selecting solvent for grafting of long chain hydrocarbon onto Engage is also 
difficult. The conventional methods of grafting face several problems such as non uniform distribution of 
functional group on the surface and (or) in the bulk, chain degradation during high temperature processing, 
lack of control of yield, evaporation of reagents and moreover it has limitations in choosing molecules to be 
grafted. To overcome these difficulties, we have introduced methods of grafting of different functional 
groups onto polyolefins by radiation. We have reported that non polar LDPE was grafted in low degree by 
methacrylic acid (MAA) in aqueous media by gamma radiation, overcoming all these challenges. And that 
low degree grafted (less than 15 wt%) LDPE was used as compatibilizer in forming LDPE/clay 
nanocomposites with excellent improvement of properties with consistency [11]. Low degree grafting is 
preferred for couple of reasons, the backbones of the polymer chains i.e properties of polymer are 
maintained without any deterioration, rheology is not affected much and change of surface polarity is not too 
high. Nevertheless, grafting can be performed by various techniques namely chemical [15,16], 
photochemical [17,18], plasma-induction[19,20],
 
enzymatic grafting [21,22] and radiation induced grafting 
[11]. But in the age of environmental consciousness, green chemistry is the most preferable option for 
grafting. Radiation-induced grafting is an attractive means of modifying base polymers because grafting by 
this method is rapid, scalable, uniform, residue free, clean, reproducible, room temperature process and user 
friendly.   
 
 In this technique, functional groups can be grafted on the surface only, without affecting the bulk, 
and with a much greater control compared to chemical methods.
[14]
 Radiation induced grafting of a substrate 
depends on many parameters, such as radiation dose, monomer concentration, inhibitor concentration etc 
[23-26]. 
 In this study, we have selected three types of POEs (poly olefin elastomer) namely, Engage 8150, 
Engage 8003 and Engage 7447. Following our reported strategy mentioned above [11,12,13], low surface 
energy long chain molecule, dodecyl methacrylate (DMA) is grafted on three Engages in 
aqueous-ethanol/water media by gamma radiation. Here the acrylate group is radiation active and produces 
free radical easily. To design the polymer surface maintaining mechanical properties and rheology, the 
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composition of reaction mixture and dose are judicially optimized to obtain low degree grafting onto 
Engages. The effect of DMA concentration, total dose on the grafting yield of all three Engages are 
investigated and optimized. To investigate the change of surface wetability after grafting and dispersion of 
grafted molecules on the surface, we have used contact angle measurement and SEM (scanning electron 
microscope) respectively. The mechanical properties of un-grafted and grafted samples are measured by 
tensile testing. 
2. Experimental 
 2.1. Material used 
Engage 8150 (ethylene–octane copolymer), Engage 8003(ethylene–octane copolymer) and Engage 
7447(ethylene–butane copolymer), three types of Engages were supplied by DuPont-Dow Elastomers. The 
details about these three Engages are provided in Table 1. Dodecyl methacrylate (DMA) (>99%pure) was 
purchased from Sigma Aldrich.  
 
 
 
2.2. Grafting method 
125 mm x 100 mm x 1.45 mm sheets of all three Engages were prepared by compression moulding 
(processing temperature: 20
o
C above the melting temperature of each Engage and 5 ton pressure). DMA was 
grafted on the Engage sheets (125 mm x 100 mm x 1.45 mm) by gamma radiation assisted mutual grafting 
method. For preparing 5, 10, 15, 20, 25, 30 and 40 vol% 500 ml ethanol/water solutions with respect to 
DMA, 25, 50, 75, 100, 125, 150 and 200 ml DMA are added into 500 ml (450 ml ethanol+ 50 ml water) 
solutions, in different beakers. A bunch of six Engage sheets (125 mm x 100 mm x 1.45 mm) of each Engage 
were immersed separately in 500 ml above mentioned solutions and the mixtures were left for 5–6 h prior to 
irradiation so that reactants can penetrate into the samples. The samples were then irradiated at various 
doses at a dose rate 4 kGy/h using a 
60
Co radiation source in gamma chamber (GC-5000, BRIT, MUMBAI, 
INDIA). Excess DMA, formed oligomers and homopolymers, if any, were washed with ethyl acetate in 
ultrasonic bath for 2 hr followed by extraction with hot ethyl acetate for 24 h. The mixture was dried at 60
o
C 
for 24 h. 
The degree of grafting (% G) was calculated using the equation- 
Table 1 Properties of various Engages 
 
Parameters   Engage 8150  Engage 8003  Engage 7447 
Density (g/cm3)ASTM D792 
Melt flow index g/10 
min(2.16 kg @ 190°C)ASTM 
D1238 
Total crystallinity (%) 
 
Melting temperature (°C) 
Mooney viscosity MU(ML 
1+4 @ 121°C) ASTM D1646 
 0.868 
 
0.5 
 
16 
 
55 
 
33 
 
 
 
 
 
 
 
 
 
0.885 
 
1 
 
25 
 
77 
 
23 
 
 
 
 
 
 
 
 
 
0.865 
 
5 
 
13 
 
35 
 
7 
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                                                           (1) 
Where Wg and Wo are the weights of grafted and pure Engage respectively. 
The whole procedure of grafting is represented schematically in Figure 1a. 
 
 
 
 
 
 
 
 
 
Figure 1 a) Schematic representation of radiation induced grafting on Engage, b) see the end of the main test 
 
2.3 Characterization 
2.3.1 FTIR studies 
Fourier transformed infrared spectroscopy (FTIR) measurements were performed with FTIR 
spectrophotometer FT/IR-610, JASCO, JAPAN 
2.3.2 SEM study 
Pure and grafted polymer surface morphologies were analysed using a scanning electron microscope (SEM), 
Model JEOL JSM 5400. Sheets (15 mm x15 mm x1.45 mm sheets cut from bigger sheets) of pure and 
polymers with highest grafting yield were gold coated to make the surfaces conductive. 
2.3.3 Contact angle measurement 
Contact angle of water on the small (20 mm x20 mmx1.45 mm sheets cut from bigger Engage sheets) solid 
polymer surface was measured by Rame-Hart Instrument standard goniometer, Model no. 260-G1. We used 
de-ionized water (drop size of 3 µL) for this experiment and all the experiments were performed at a 
constant temperature (25°C). Each reported contact angle value represents an average value of four separate 
drops on different areas of polymer surface. Sheets of pure and highest grafted polymer were used for 
contact angle measurements.  
2.3.4 Mechanical properties 
Tensile testing was carried out using a Universal Testing Machine (LLOYD Instrument LR 50 K) at a 
crosshead speed of 50 mm/min at 25
o
C. Sample dimension was 25 mm x 5 mm x 1.45 mm. Tensile samples 
were punched out from the pure and highest grafted big sheets (125 mm x 100 mm x 1.45 mm ). The average 
of four replicas is reported here.  
3. Results and discussion 
Grafting of DMA onto the Engage surface was performed as discussed above. The % of grafting was 
calculated gravimetrically as per equation 1. 
3.1 Chemistry of the reaction 
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The probable grafting reactions are provided in Figure 1b. 
 
                                
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
             
 
 
 
Figure 1 b) probable grafting reactions of DMA onto Engage. 
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 When the ethanol/water mixture of Engage and DMA is irradiated by gamma radiation, due to 
radiolysis of water and ethanol, the major free radical products are generally e
-
(aq), H, OH and CH3CHOH 
radicals and the molecular species are H2 and H2O2 [11,27]. We know OH and H radical abstract hydrogen 
from a saturated hydrocarbon with a rate, K >10
9
 dm
3 
mol
-1
 S
1
 and K = 10
7
–10
9
 dm
3
 mol
-1
 S
-1
 respectively. 
Free radicals can be formed on the base polymer directly by gamma irradiation or by hydrogen abstraction 
reaction of hydrogen, hydroxyl and CH3CHOH radicals. There are various possibilities of formation of free 
radical onto the base polymer (by abstraction of hydrogen from any carbon linked in long carbon chain). 
Probable ways are represented in Figure 1b. 
 The reaction of the methacrylate group with various radicals is slow [28], so it is expected that the 
free radical generation will be predominantly on the base polymer and grafting of DMA will predominate 
than homopolymer formation. 
 The diffusion of H and OH free radicals is faster than CH3CHOH radical, so the rate of hydrogen 
atom abstraction and radical formation on DMA monomer are expected to be higher in presence of 
ethanol/water than pure ethanol. Effect of water concentration in the solution on the grafting yield, is 
discussed in the later part of this work 
 Depending on several factors, the yield and reactivity of different macroradicals generated from 
DMA (as depicted in Figure 1b) will be different, which will lead to various grafted Engages with various 
yields, various number of DMA units in the brunch and consequently different morphologies.  
3.2. Grafting of DMA on Engages (FTIR study)  
To confirm the grafting of DMA on Engages, FTIR study was performed. FTIR spectra of pure polymer and 
grafted Engages are shown in the Figure 2 (a, b and c). Figure 2a represents the pure and grafted Engage 
8150. Some peaks, originated from base polymer (Engage), appear for both the spectrum but there are 
differences in intensities. It is observed that two peaks corresponding to –CH2 stretching frequency appear at 
2851cm
-1
 and 2915 cm
-1
for both grafted and pure Engage 8150. Similarly, two strong peaks corresponding 
to –CH2 bending and –CH2 rocking frequency appear at 1458 cm
-1
and 720 cm
-1
 respectively, for both the 
grafted and pure polymers [29,30]. But it is noticed that the transmittances of these functional groups of 
grafted ones are higher, i.e absorptions are less. This is due to the restriction of vibration of -CH2 due to 
presence of grafted DMA. However, two characteristic peaks corresponding to C=O stretching and C-O 
stretching frequencies of the grafted DMA unit occur at 1729 cm
-1
and 1145 cm
-1
 in grafted Engage 8150. 
This confirms the successful grafting of DMA onto the base polymer [11,31,32].
 
Similarly, for the other two 
Engages, Engage 8003 and Engage 7447 the IR spectra are provided in the Figure 2b and Figure 2c 
respectively. The peaks corresponding to –CH2 stretching, -CH2 bending and -CH2 rocking appear with 
higher transmittances i.e. lower absorbance in grafted Engage 8003 and Engage 7447 due to same reason, 
restriction of motion because of DMA grafted molecules. For grafted Engage 8003, the characteristic peaks 
corresponding to C=O stretching and C-O stretching frequency are found at 1730 cm
-1
 and 1146 cm
-1 
and for 
grafted Engage 7447 those two peaks are found at 1729 cm
-1
 and 1148 cm
-1
respectively. Existences of these 
two peaks, which come from DMA, prove the grafting of DMA on Engages. The obtained FTIR spectra are 
not so sensitive to provide the information on grafting yield as the change of grafting yield is not so high. 
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(a)                                                                                     (b) 
 
 
 
 
 
 
 
 
 
 
                                              (c) 
Figure 2 FTIR spectra of a) pure and DMA grafted Engage 8150, b) pure and DMA grafted Engage 8003 and c) pure and 
DMA grafted Engage 7447. 
3.3 Optimization of grafting parameters affecting grafting yield 
3.3.1. Effect of solvent on the grafting 
Non-polar monomer DMA is insoluble in water, so we have used ethanol as a solvent for DMA. As aqueous 
media, due to plenty of H and OH radicals, produce favorable environment for radiation grafting. It is also 
obvious that the diffusion of H and OH free radicals is faster than CH3CHOH radical especially in viscous 
media ( due formation of some homopolymers), so the rate of hydrogen atom abstraction and radical 
formation on DMA monomer are expected to be higher in presence of ethanol/water than pure ethanol. So 
we have mixed water with ethanol in various proportions and varied the concentration of water in the system. 
Effect of concentration of water on the grafting yield is investigated. It is noticed that addition of water 
beyond 10 % causes phase separation and DMA precipitates. Thus, we have conducted the experiment with 
ethanol/water mixture up to 10% water (95/5 and 90/10 ethanol/water). Grafting yield has been found to be 
higher for water containing media (Table 2). It is found that for 10% vol water containing media, the yields 
are higher than the 5% vol water containing ones. All the results represented in Figures are in 90/10 
ethanol/water media.  
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Table  2 Effect of solvent on grafting yield 
 
Sample Ethanol (%) Water (%) Grafting yield (%) 
 
Engage 8150 
 
100 
95 
90 
0 
5 
10 
11.08 
13.57 
16.78 
 
Engage 8003 
 
100 
95 
90 
0 
5 
10 
8.72 
10.68 
13.80 
 
Engage 7447 
100 
95 
90 
0 
5 
10 
9.27 
10.96 
14.50 
 
3.3.2. Effect of total dose on the grafting 
For all three polymers, the experiments are performed with 5, 10, 15, 20, 25, 30 and 40 vol% ethanol/water 
solutions of DMA (the detail compositions are given in ‘Experimental section’). Figure 3 (a,b,c,d,e,f and g) 
represent the change of grafting yield with total dose of radiation at the above mentioned concentrations of 
monomer. It can be seen, the degree of grafting increases gradually with increase in the irradiation dose 
within the limits of the studied values (3-20 kGy). For all the monomer concentration , grafting yield of 
Engages increase sharply up to 10 kGy, beyond which rate of increase becomes less (Figure 3a, 3b, 3c). Up 
to 10 kGy the grafting yield is found to be a function of total dose as the number of radical produced in the 
mutual grafting technique is proportional to the total dose provided [24,25,26]. Above 10 kGy, the increase 
is not so sharp as at higher dose homo-polymerization
 
becomes a considerable part. Moreover, at higher 
dose, the reaction becomes a diffusion controlled process [33] Because of the homopolymer formation, the 
viscosity of the mixture increases, which hinders the diffusion of grafting molecule (DMA) to the vicinity of 
base polymer (Engage) resulting less increase of yield. Our goal is to produce lower scale grafting (15wt%), 
thus we have optimized the other parameters keeping the total dose fixed at 5 kGy. 
3.3.3. Effect of DMA concentration on the grafting yield 
To observe the effect of DMA concentration on the grafting yield, experiments are performed at 5kGy 
dose with all three POEs. The grafting yield is found to increase with the increase of DMA 
concentration, as depicted in Figure 4. At lower DMA concentration (below 15 vol %) the yield is not 
found that much high. This may be due to low amount of produced free radicals, which may not be 
enough to produce higher yield. However, beyond that the obtained yields are much higher up to 40% 
DMA concentration. Higher grafting yields are expected with increase in monomer concentration as, at 
any instant, radicals generated on the polymer surface are able to interact with monomer molecules and 
also the generated monomer radicals are considerably high. However, at monomer concentration 
greater than 20%, there is a considerable increase in homopolymer formation as well. This is expected 
because the monomer is also exposed to gamma radiation [26] To fix the minimum interference of 
homopolymer, DMA concentrations are limited to 20 % vol/vol.  
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(a) (b) 
  
(c) (d) 
  
(e) (f) 
 
 
 
Figure 3 Effect of radiation dose (kGy) on the grafting yield for various Engages at a) 5 vol% , b)10 vol% , c) 15 vol% , d) 20 
vol% , e) 30 vol% and f) 40 vol% DMA concentration. 
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Figure 4 Effect of DMA concentration on the grafting yield for Engage 8150, Engage 8003 and Engage 7447 at 5 kGy 
dose. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5(right) Water contact angle on pure and grafted polymer surfaces, (a) pure Engage 8150, (b) grafted Engage 8150, (c) 
pure Engage 8003, (d) grafted Engage 8003, (e) pure Engage 7447 and  (f) grafted Engage 7447. 
 
 
In this study also, the highest yield is found for Engage 8150 and lowest for Engage 8003 keeping 
Engage7447 moderate. It is reported that radiation grafting prefers to occur at amorphous region because the 
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swelling of polymer by solvent and other polar swelling agents occurs predominantly in this region [34].
 
As 
the Engage 8003 possesses highest crystallinity (Table 1), that may be the reason for lowest grafting. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 SEM images of pure and grafted polymer surfaces, (a) pure Engage 8150, (b) grafted Engage 8150, (c) pure Engage 
8003, (d) grafted Engage 8003, (e) pure Engage 7447 and (f) grafted Engage 7447. 
 
3.3.4. Contact angle measurement (surface wettability) 
To observe the change of surface wettability (hydrophobicity-hydrophilicity) of grafted Engages, contact 
angles of water on the pure polymer surface and grafted polymer surface are measured. Figure 6 (a,b,c,d,e & 
f) represent the water contact angles of three pure and grafted (highest yield) Engages. Contact angle (θ) of 
a drop of liquid on any homogeneous, non-adsorbing, smooth and horizontal (i.e., ideal) solid surface, is 
given by the Young’s equation 
                                                                                      (2) 
where, γS is surface tension of solid, γL is the surface tension of liquid, γSL is interfacial tension between 
liquid and solid, and θ is the contact angle [35,36].
 
Water contact angle on the pure Engage 8150 surface is 
85°, which changes to 102° after the DMA grafting (Figure 5a & b). Similar results are found for Engage 
8003 and for Engage 7447, where water contact angles change from 83° to 98° and 81° to 112° respectively 
(Figure 5c, 5d, 5e and 5f). These observations suggest that after grafting of DMA, hydrophobicity of 
Engages are increased due to decrease in surface energy arising from incorporation of low energy long chain 
hydrocarbon [37]. All surfaces of pure Engages are in the border line of hydrophobic-hydrophilic range. 
  
 
Ivy Union Publishing | http: //www.ivyunion.org             ISSN 2572-5734                          May 25, 2017 | Volume 5 | Issue 1  
 
 
Jha A et al.  American Journal of Polymer Science & Engineering               2017, 5:63-78                                           Page 12 of 16 
 
 
After grafting with DMA the hydrophobicity of the surfaces is increased significantly, i.e surface energy is 
decreased.  
3.3.5. Surface morphology analysis (SEM) 
Surface morphology of pure Engages and grafted Engages are analyzed by scanning electron microscopy 
(SEM). SEM can give some insight into the surface topology and shows distribution of grafted molecules in 
micrometer scale on the surface. The images of all samples are shown in Figure 6. As the objective of this 
work is to alter surface properties of Engages without losing their mechanical performance for increasing 
the possibilities of increased applications, so uniform distribution of grafted molecules on the Engage 
surfaces is important [38,39]. From the surface morphology we can observe the physical appearance of pure 
as well as grafted Engage surfaces and the nature of distribution of the grafted molecules (DMA) on the 
Engage surfaces [13,40,41], Figure 6a,6c and 6e represent the surface morphologies of pure Engage 8150, 
Engage 8003 and Engage 7447 respectively. Figure 6b. 6d and 6f are SEM pictures of grafted Engage 8150, 
Engage 8003 and Engage 7447 respectively. It is evident from the images that all the three pure Engage 
surfaces are smooth, while the DMA grafted surfaces are rough and moreover, the architecture of attached 
grafted molecules are different for three Engages. Grafted DMAs look bright on surfaces of all three 
polymers. Grafted Engage 8150 surface represents most inhomogeneous distribution of grafted moieties 
with relatively larger size (Figure 6b). Engage 8003 exhibits the distribution of DMA to be uniform (Figure 
6d). In Engage 7447 the grafted moieties are homogeneously distributed with grafted molecules (Figure 6f). 
Distribution of DMA on the elastomer surface occurs in solution before grafting and subsequently grafting 
reaction occurs in presence of gamma radiation. As in the solution phase the dispersion of DMA on the 
polymer surface occurs, there are number of controlling parameters of dispersion of DMA. However, 
surface property of pure polymer certainly plays a role. But for a conclusive remark more experimentation 
has to be performed. The roughness of surfaces is noticed to increase from Engage 7447 to Engage 8150 
keeping Engage 8003 in the middle. 
3.3.6. Mechanical properties 
The aim of this work is to graft non-polar DMA at moderate amount (less than 15 wt%) on the Engage 
surfaces keeping the mechanical properties of these POEs unchanged. So the grafted materials will not 
introduce any negative impact due to deteriorated mechanical performance when will be used. As for 
example when grafted POE will be used as compatibilizer, it can form interfaces of blends and composites 
without any negative impact, and will not demote the interface controlled properties. For this purpose pure 
and highest grafted three Engages are subjected to tensile properties. The findings are tabulated in Table 3 
and stress-strain graphs are represented in Figure 7 (a,b and c). Among the pure Engages, Engage 8003 
shows highest Young’s modulus (6.8 MPa), highest tensile strength (18.11 MPa), and moderate percent 
elongation (561 %) followed by Engage 8150(Young’s modulus 3.7 MPa, tensile strength 9.3 MPa and 
percent elongation (630 %) and Engage 7447(Young’s modulus 2.2 MPa, tensile strength 2.71 MPa and 
percent elongation (475 %). These highest values are obtained from Engage 8003, because of highest 
crystallinity and density of Engage 8003 among all these three group members. From Table 3 it is obvious 
that after grafting the changes of tensile properties of Engage 8150, Engage 8003 and Engage 7447 are very 
negligible and this change is not so serious as these grafted materials are generally used in small proportions.   
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(a) (b) 
 
(c) 
 
Figure 7 Stress-strain graphs of various pure and grafted Engages a) pure and grafted Engage 8150, b) pure and grafted 
Engage 8003 and c) pure and grafted Engage 7447. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3 Comparison of mechanical properties of pure and DMA grafted Engages 
Samples Young’s modulus (MPa) Tensile strength  
(MPa) 
% Elongation 
    
Pure Engage 8150 
Grafted Engage 8150 
Pure Engage 8003 
Grafted Engage 8003 
Pure Engage 7447 
Grafted Engage 7447 
3.7 
4.4 
6.8 
6.7 
2.2 
2.3 
9.30 
7.25 
18.11 
16.27 
2.71 
2.54 
630 
584 
561 
507 
475 
470 
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4. Conclusions 
For optimizing parameters of controlled (low degree) grafting of Engages, three different Engages are 
selected. Dodecyl methacrylate (DMA) is grafted on all three Engages in ethanol/water medium by gamma 
radiation grafting. Grafting yields of three Engages are investigated varying total dose and DMA 
concentrations. For all three, best yields are found at 5 kGy and 20 vol% DMA concentration. Out of these 
three Engages, Engage 8150 and Engage 8003 show the highest and lowest grafting efficiencies leaving 
Engage 7447 in between. Due to grafting of non-polar DMA, the hydrophobicities of the all three Engage 
surfaces are increased. But the magnitude of the change of surface wettability (hydrophobicity) does not 
directly depend on the grafted surface morphology, i.e DMA distribution on the surface. From tensile testing 
analysis, it is obvious that the controlled grafting does not change mechanical properties of the Engages. 
Thus, without detrimenting inherent properties, low surface energy molecule can be grafted onto POEs to 
achieve the desired yield by an environmental friendly method, gamma radiation grafting in ethanol/water 
media. 
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